The velocity of the Hubble expansion has been added to General Relativity by Moshe Carmeli and this resulted in new equations of motion for the expanding universe. For the first time the observational magnitude-redshift data derived from the high-z supernova teams has been analysed in the framework of the Carmeli theory and the fit to that theory is achieved without the inclusion of any dark matter. Best fits to the data yield an averaged matter density for the
INTRODUCTION
The metric (1, 2) used by Carmeli in a generally covariant theory (Cosmological General Relativity, CGR) extends the number of dimensions of the universe by the addition of a new dimension-the radial velocity of the galaxies in the Hubble flow. The Hubble law is assumed as a fundamental axiom for the universe and the galaxies are distributed accordingly.
In determining the large scale structure of the universe the usual time dimension is neglected as observations are taken over such a short time period compared to the motion of the galaxies in the expansion. In this case, the usual time coordinate (t) does not need to be considered. This leaves only four dimensions to be considered-three of space and one of velocity. In general, however, the new 5D cosmology developed by Carmeli contains all of general relativity as a subset. All of the results in general relativity that are experimentally supported are also obtained in CGR. (3) When discussing the motions of stars and gases in galaxies the five dimensional cosmology must be used. Both the usual geodesic equation and a new phase space equation have been derived using CGR. From this Carmeli was able to derive a Tully-Fisher like equation, (4) which indicates that the existence of halo dark matter is not necessary to be assumed in spiral galaxies.
It is then worth seeing to what extent the Carmeli cosmological theory fits the observed data. This paper fits the theory to the observed magnitude-redshift data taken from the high-redshift type Ia supernova observation teams. From this analysis on the largest scales of the universe no dark matter is necessary when the Carmeli model is assumed.
Cosmological General Relativity
Here the CGR theory is considered using a Riemannian four-dimensional presentation of gravitation in which the coordinates are those of Hubble, i.e., distance and velocity, or more precisely, proper distances as measured by the Hubble law and the measured redshifts of galaxies. This results in a phase space equation where the observables are redshift and distance. The latter may be determined from the high-redshift type Ia supernovae (SNe Ia) observations.
Line Element
In the case considered here the line element is
where dr 2 = (dx 1 ) 2 + (dx 2 ) 2 + (dx 3 ) 2 , ξ and R are functions of v and r alone and comoving co-ordinates τ v, r, θ, φ) are used. The new dimension (v) is the radial velocity of the galaxies in the expanding universe, and is not the time derivative of the distance. The parameter τ , the Hubble-Carmeli time constant, is a universal constant for all observers and its reciprocal (designated h) is the Hubble 'constant'
